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Synopsis. During a survey of the nematodes of Loch Ness, Scotland (Project Urquhart 1993-94) 94 nematode species were 
identified from benthic core samples collected from the profundal (90-211 m) and from river mouth areas (< 0.5 m). This paper 
presents a taxonomic review of the nematodes of the two orders Tylenchida Thorne, 1949 and Rhabditida Chitwood, 1933. Thirty 
five species are described and figured; some morphological features are illustrated by Normarski interference-contrast 


microscopy. 


INTRODUCTION 


This study is based on nematodes collected in Loch Ness, Scotland 
during Project Urquhart (1993-94). The first part presented here 
deals with species that belong in the orders Tylenchida Thorne, 1949 
and Rhabditida Chitwood, 1933. The second part, now in prepara- 
tion, will cover species of the remaining orders. The results of 
ecological studies (R. David,1998 — Ph.D. thesis) will be published 
elsewhere. The following brief profile of Loch Ness is essentially 
based on the literature Maitland (1981) and Shine & Martin (1987). 

Loch Ness is the largest body of freshwater in the United King- 
dom. It runs in a north-east/ south-west direction and is 39 km in 
length, but only 2.4 km at its widest point with an average depth of 
132 m. A new maximum depth of 239.5 m was found during a 
Project Urquhart sonar survey. The loch basin has in most places 
very steep, Sometimes precipitous shelving sides, thus it has a very 
small shore zone for its surface area Maitland (1981). The flat bed of 
the loch is divided into two basins of 220 m depth as a result of 
fluvial deposits of material opposite the entrance to the River 
Foyers. The floor is extensively covered by black lake sediments 
which occupies over 50% of the area of Loch Ness greater than 150 
m depth. Shine & Martin (1987) found that a 4 m core only just 
penetrated to clay, suggesting that the organic sediment is at least of 
that depth. Sediments analysed from a single core obtained from the 
profundal area of Loch Ness were found to consist of fine size 
fractions with clay (< 39 um, 45.8%), fine silt (39-63 um, 18.1%) 
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and sand (63-125 um, 36.4%) (Smith B. D. et al., 1981). 

Water levels remain relatively constant throughout the year al- 
though stream levels vary because of snow melt in spring, but more 
importantly because of fluctuations in rainfall. The loch has a 
catchment area of 1775 km? providing 84 m° s mean inflow with 
the majority of the catchment being rough ground or forest, and only 
7.5 km? urbanized. Surface water is slightly acidic with an annual 
mean pH 6.7; it has low conductivity 30 uS cm~” at 20°C and is 
stained with humics. Low conductivity levels in lake water are often 
associated with dark colouration and a high concentration of organic 
compounds because they have been drained through swampy/peaty 
regions. The total organic carbon concentrations of the surface water 
is 3 mg Cl"! Maitland (1981). In many systems of lake classifica- 
tion, Loch Ness falls within the nutrient-poor Spence (1967) and 
oligotrophic category Vollenweider (1968). However, Bailey et al., 
1981 debate whether Loch Ness along with Loch Awe should be 
described as dystrophic (acid), a category considered by Jarnefelt 
(1958) as supplementary to, rather than comparable with oligotropic 
and eutrophic categories. 

The dissolved oxygen content of the Loch Ness water column 
was, along with other lochs studied, consistently found to be over 
80% saturated (often approaching 100%) even during periods of 
stratification Smith, I. R. et al., (1981) 

Under the classification system of Yoshimura (1936), Loch Ness 
is a warm monomictic lake which means that the temperature never 
falls below 4°C at any depth, there is one circulation of the water 
column every year in winter and the loch is stratified during the 
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summer Murray & Pullar (1910). From late autumn to the spring the 
loch is the same temperature throughout, with progressive develop- 
ment of stratified conditions from May to the following autumn. The 
temperature range in midsummer is typically 14.5°C at the surface to 
5.5°C at 220 m (Mackal & Love, 1969; Murray & Pullar, 1910). 

Maitland (1981) gives a detailed account of human activities 
which influence the environmental parameters inherent in scientific 
studies effecting Loch Ness. The loch is relatively unpolluted despite 
arable, tourist and urban influences. The Scottish Environmental 
Protection Agency has supplied details of sewerage inputs to Loch 
Ness which indicate that there are seven direct septic tank inputs 
from small communities or hotels and tourist attractions, only two of 
which have monitored flows. Another septic tank inflow enters 
Loch Ness indirectly via the River Moriston. There are two activated 
sludge plants for full biological treatment, one at Drumnadrochit 
and another at Fort Augustus. When maximum flow is reached, 
sewerage by-passes the treatment plant and discharges untreated 
into the water course. Seasonal information on the loading variation 
was not available. However, Drumnadrochit and Fort Augustus are 
known to frequently breach their consent limits. The water regime of 
Loch Ness is affected directly by an hydro-electric pump storage 
scheme based at Foyers and indirectly by four more in the catchment 
area. These influences may have an effect on the flora and fauna of 
Loch Ness. 


NEMATODE FAUNA 


So far as is known the only study of nematodes from freshwater 
lakes of the United Kingdom is that of Martin er al., (1993) who 
published a full listing of macrobenthic and meiofaunal species from 
profundal sediments of both Loch Ness and Morar. Their list of 
nematodes from Loch Ness profundal cores (2 200 m) although not 
exhaustive includes /ronus tenuicaudatus de Man, Tripyla glomerans 
grp, Tobrilus gracilis grp, Tobrilus cf. pellucidus and Dorylaimid 
‘A’. Additional species listed (Ewmonlystera filiformis grp, 
Eumonhystera cf. longicaudatula, Ethmolaimus pratensis grp, 
Aphanolaimus sp. and Dorylainus cf. stagnalis) were collected at 
lesser depths such as 50-170 m. 

In addition Coles (1996) records Chromadorita tenuis Schneider, 
1906 and Aphanolaimus ? aquaticus Daday, 1894 from ‘trickle of 
freshwater spring from beside footpath from Goyes Hotel, Foyers 
Harbour, Loch Ness, Scotland’. 
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MATERIAL AND METHODS 


SAMPLING AND FIXATION 

Profundal sampling: cores were taken with a Bowers and Connolly 
Multicorer deployed from the research vessel Seol Mara. This 
device takes four core tubes (each of 5.9 cm diameter giving a core 
surface area of 27.34 cm*), allowing sediments to be recovered 
without disturbing the sediment water interface. 

Sediments were sampled at four stations: Fort Augustus Bay, 
Deep South Basin, Foyers Plateau and Deep North Basin covering a 
range of depths between 91 and 211 m (Fig. 1, Table 1). At each 
station sampling was concentrated within approximately 10-20 m? 
between 10—13th July 1993, allowing for boat drift. Eight cores 
were collected from each station except for the Deep North Basin 
where only four cores were taken because of poor weather conditi- 
ons. Of the eight cores collected six were used for faunal analysis; of 
these five were sectioned into two, one centimeter layers. One was 
sectioned into five one centimeter layers i.e. 0-1 cm, 1-2 cm, 2-3 
cm, 3—4 and 4-5 cm. The seventh core was used to take redox 
potential readings immediately on recovery. The top two centimeters 
of the remaining core was placed in a cold box for carbon content 
analysis. 

River sampling: sediments were collected by hand with a coring 
tube of the same dimensions as used for collecting profundal sam- 
ples. The cores were sectioned as above. Three stations i.e. Rivers 
Oich, Foyers and Moriston were selected by surveying the area for 
soft sediment similar in grain size to the profundal samples where 
core tubes could used with ease. Samples were then taken randomly 
within an area of 10 m°. All samples were sublittoral ranging from 
0.08-0.39 m depth. Eighteen cores, six from each station were 
collected from 7-8th August 1994. 

After slicing, all samples were immediately fixed using 8% 
formaldehyde, at ambient temperature, giving a final dilution of 4% 
after mixing. A trace of rose bengal was added to the fixative to 
temporarily stain the nematodes, thus making them easier to see 
when counting and sorting. 

In addition to the stations listed in Table 1, four sub-littoral 
qualitative cores were taken from a sandy beach at Borlum Bay, Fort 
Augustus (NH 085 385) on 22 July 1992 from depths of 0.10-0.38 
m. Some of the nematode species found did not reoccur during the 
1992-93 surveys, so we have taken this opportunity to include them 
in this paper. They are identified in the descriptions as Borlum Bay 


Table 1 Summary of sampling stations, core depths and sediment characteristics. 
Core Depth 
Station No’s Position Date (m) Sediment 
Fort Augustus Bay (FA) 2-7 57°08. 80° N 4°39.45° W_ 10/7/93 91-105 Organic matter (OM) floc, occasionally ferrugineous mixed with 
grey siliceous sand 
Deep South Basin (DSB) 8-13  57°12.55° N 4°34.55° W_11+12/7/93 194-210 As above but with slight sulphurous smell 
Foyers Plateau (FP) 14-19 57°15.80° N 4°29.60° W 12+13/7/93 150-161 As above 
Deep North Basin (DNB) 20,22 57°16.40° N 4°29.10°W 13/7/93 211211 As above 
River Oich (RO) 31,32 NH 094 382 7/8/94 0.31 Sublittoral. River mouth.Algae and OM on surface, coarse sand below 
33,34 NH 094 382 7/8/94 0.20 Small stones and gravel 
35 NH 094 382 718/94 0.33 Coarse sand and small pebbles 
36 NH 094 382 7/8/94 0.17 Coarse sand 
River Foyers (RF) 40-45 NH 211 495 718/94 0.14-0.39 Stagnant sublittoral. 50 m from river mouth. OM and grey siliceous 
sand containing black streaks. Strong sulphurous smell 
River Moriston (RM) 50 NH 211 495 8/8/94 0.15 100 m from river mouth Sand between boulders 
(account of full data set 51,52 NH 211 495 8/8/94 0.100.08 Coarse sand small pebbles 
in prep.) 53 NH 211 495 8/8/94 0.20 Sand and gravel, some pebbles 
54 NH 211 495 8/8/94 0.15 Coarse sand 
55 NH 211 495 8/8/94 0.16 Sand and gravel 


FRESHWATER NEMATODES FROM LOCH NESS 


E 
2) 
7 


© ig 


0 Skm 


R. Moriston 


Caledonian 
Canal oR. Tarff 


Fig.1 Map of Loch Ness showing sampling stations. 


(1992 collection). Also, they have not been included in the ecologi- 
cal part of this study which is based entirely on the 1992-93 
samples. 


EXTRACTION AND SLIDE PREPARATION 

Nematodes were extracted by the Ludox centrifugation-floatation 
technique (Persmark et al., 1992). However, after extracting the first 
core it was found that the nematodes were still obscured by large 
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Activated sludge treatment 
* Significant septic tank input 


amounts of organic matter of very similar density to that of the 
nematodes. In order to reduce sample sorting time, it was decided to 
subsample the remaining | cm core slices using the ‘Asko sample 
splitter’ Elmgren (1973). Two hundred nematodes were picked out 
from each core; if less than 200 nematodes were present in the first 
subsample, further subsamples were extracted until the required 
number was found. Extracted nematodes were then dehydrated to 
glycerine by the Seinhorst method (Seinhorst 1962). 
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FIGURES, PHOTOGRAPHS AND MEASUREMENTS 

Specimens were examined, figured and photographed with an Ol- 
ympus BH-2 interference contrast microscope fitted with camera 
lucida. The drawings are original and based entirely on Loch Ness 
specimens. All absolute measurements of nematodes are given um. 


SEDIMENT HORIZON 
This can be taken as 0-1 cm unless a statement is made to the contary 
in the descriptions. 


ABBREVIATIONS USED 


a = body length + greatest body width 

b = body length + distance from anterior end to junction of 
esophagus and intestine 

b’ = body length + distance from anterior end to posterior 
end of oesophageal glands 

c = body length + tail length 

Ce = tail length + body width at anus 

L = total body length 

MB = distance of median bulb from anterior end + oesopha- 
geal length x 100 

R = total number of body annules 

Roes = number of annules in oesophageal region. 

Rex = number of annules between anterior end of body and 
excretory pore 

Rv = number of annules between anterior end and vulva 

Rvan = number of annules between vulva and anus 

Ran = number of annules on tail 

tail/V—a = tail length +distance between vulva and anus 

V = distance of vulva from anterior end + body length x 100 

M = distance of vulva from anterior end + distance of anus 


from anterior end x 100 
VL/VB = distance between vulva and posterior end of body + 
body width at vulva 


SPECIES LIST 


The systematic classification of the order Tylenchida is based on that 
of Fortuner, Geraert, Luc, Maggenti and Raski (1987-1988) ‘A 
reappraisal of Tylenchina (Nemata)’. That of the order Rhabditida is 
after Lorenzen (1981). 


Order TYLENCHIDA Thorne, 1949 S* P 
Family TYLENCHIDAE Orley, 1880 


Aglenchus agricola (de Man, 1884) + 
Coslenchus polonicus Brzeski, 1982 + 
Coslenchus sp. 1 

Coslenchus sp. 2 

Filenchus cf. discrepans (Andrassy, 1954) 
Filenchus facultativus (Szczgiel, 1969) ~ 
Filenchus thornei (Andrássy, 1954) + 
Filenchius sp. 1 = 
Filenchus sp. 2 - 
Filenchus sp. 3 - 
Lelenchus leptosoma (de Man, 1880) 
Lelenchus sp. = 
Malenchus acarayensis Andrassy, 1968 
Malenchus bryophilus (Steiner, 1914) 
Malenchus pachycephalus Andrássy, 1981 - 
Malenchus pressulus (Kazachenko, 1975) 
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Miculenchus salvus Andrassy, 1959 - 
Tylenclius vex Andrássy, 1979 - 
Tylenchinae sp. + 


Family ANGUINIDAE Nicoll, 1935 


Ditylenchus sp. + 


Family BELONOLAIMIDAE Whitehead, 1960 


Geocenainus cf. nanus (Allen, 1955) + 
Tylenchorhynclius sp. ~ 


Family HOPLOLAIMIDAE Filipjev, 1934 


Helicotyleuchus pseudorobustus (Steiner, 1914) + 


Family HETERODERIDAE Filipjev, 1934 


Meloidogyne ardeneusis Santos, 1968 
Meloidogyne kralli Jepson, 1983 - 


+ 


Family CRICONEMATIDAE Taylor, 1936 


Criconema annuliferuin (de Man, 1921) — 
Criconeina demani (Micoletzky, 1915) + 
Criconema sp. - 
Discocriconemella sp. — 
Hemicycliophora sp. - 
Ogma sp. + 


Family TYLENCHULIDAE Skarbilovich, 1947 


Paratylenclius sp. = 


Family APHELENCHOIDIDAE Skarbilovich, 1947 


Aphelenchoides sp. | + 
Aphelencltoides sp. 2 + 
Apheleuchoides sp. 3 + 
Order RHABDITIDA Chitwood, 1933 
Family RHABDITIDAE Chitwood, 1933 
cf. Caenorhabditis sp. + 


Family DIPLOGASTERIDAE Micoletzky, 1922 


Diplogasteritus nudicapitatus (Steiner, 1914) + 


Family CEPHALOBIDAE Filipjev, 1934 


Eucephalobus oxyuroides (de Man, 1876) + 
Eucephalobus sp. + 


* S =. Sublittoral, P = Profundal. 


+ 
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DESCRIPTIONS OF SPECIES 


Aglenchus agricola (de Man, 1884) Andrassy, 1954 
(Fig. 2) 


MATERIAL EXAMINED. Fort Augustus Bay: 92, 105 m; cores 2, 3; 
299. Foyers Plateau: 150-161 m; cores 14-17; 299 488. River 
Foyers: 0.14-0.39 m; cores 40, 43, 45; 299, 2d. 


HORIZON. Core 2 (2-3 cm), core 14 (3—4 cm), core 40 (2-3 cm). 


FEMALES. (n= 5). L=650 um (625-667); a = 31 (26.4-34.4); b= 
6.6 (6.36.9); c = 3.3 (3.2-3.4); c° = 14.5 (12.7-15.8); V = 55.1 (53- 
56); V^ = 77.6 (76.5-78.4); tail/V—a = 1.9 (1.7-2.0); tail = 194 um 
(188-200). 

Head continuous, not annulated. Body annules 1.6-1.8 um wide 
at mid-body. Lateral fields with three lines; outer lines sometimes 
appear double, whereas the inner line which is usually weakly 
expressed, could be interpreted as two lines very closely set as they 
appear as either gully or ridge-like (dependent on optical settings). 
Spear moderately robust, 11.0-12.8 um long, basal knobs distinct 
about 3.2 um wide. Oesophagus 92.7—101.7 um long; median bulb 
ovoid with usually distinct valves at 44-50% of oesophageal length. 
Vulva with flaps about 5.0 um long covering about three annules; 
vagina curved anteriorly with swollen pyriform walls; anterior 


Fig. 2 Aglenchus agricola (de Man, 1884). A-E, female. A, oesophageal 
region; B, posterior end of reproductive system; C, tail; D, lateral field: 
E, habitus; F, male spicular region. Scale bars a = 20 um, b = 40 um, c = 
100 um. 
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genital branch 123-146 um long; spermatheca partly offset, usually 
poorly defined, ovoid to elongate-ovoid, sometimes appearing 
double, length variable 20—25.6 um; postuterine sac lacking. 


MALES. (n=6).L=591.5 um (469-670); a = 38.9 (33-43): b (n 
= 4) = 50:25(9:6-On))ec =) 3.10(2.9=3'3)2 c = es (15.319); 
gubernaculum (n = 5) = 6.4 um (6.3-6.4); spicules (n=5) = 14.7 um 
(14-15.3); tail = 193.8 um (153-219). 

Similar to female. Annules 1.6—1.96 um wide at mid-body. Spear 
12-12.8 um long, with rounded knobs about 2.6 um wide. Oesopha- 
gus 81.6-101 um long; median bulb ovoid with usually distinct 
valves at 46-48% of oesophageal length. Testis 144-153.6 um long 
occupying 24-25% of body length; cloacal lips tube-like, somewhat 
asymmetrical; bursa adanal 32—38.4 um long with smooth or very 
finely crenate margins. 


DISTRIBUTION AND HABITAT. Cosmopolitan, in various soils, lives 
on or near plant roots, in mosses and freshwater. 


REMARKS. Morphometric measurements of this population fall 
midway between those of two very similar species, A. agricola and 
A. muktii Phukan & Sanwal, 1980. A. muktii, according to the 
original authors, is distinguished from A. agricola ‘in having a non- 
annulated lip region, 3 incisures in the lateral field, and a very long 
filiform tail. (A. agricola has 3 annules in the lip region, | lateral 
incisures and a tail which is not as filiform as in A. muktii). Of these 
characters the first two are mistaken because in A. agricola the head 
is not annulated and the lateral field is comprised of three lines. In 
practice A. muktii is distinguished from A. agricola by its very long 
filiform tail. Tail length in A. agricola ranges from 134 to 179 um, 
whereas in A. muktii the range is 178-276 um (Geraert & Raski, 
1988). Female tail length of this population varies between 153-197 
um. Brzeski (pers. comm.) notes tail lengths of A. agricola varying 
from 134-208 um. In males of both species there would appear to be 
a distinction between tail lengths and ratio c’. Tail length 140-169 
um in A. agricola vs 178—330 um in A. muktii; ratio c° 13-15 vs 22- 
25 in A. muktii. However the Loch Ness males bridge the gap in 
respect of tail length 153-219 um and fall between the range of 
values in the case of ratio c^, c^ = 15.319. 

The overlap in tail lengths and other morphometric measurements 
suggest that the specific status of A. muktii is doubtful. This popu- 
lation is therefore identified as A. agricola. 


Coslenchus polonicus Brzeski, 1982 
(Fig. 3) 


MATERIAL EXAMINED. Deep South Basin: 204 m; core 9; 12. 
River Foyers: 0.22 m; core 40; 19. 


Core 40, (1-2 cm) 


FEMALES. (n=2).L=635, 744 um; a= 41.5, 46.5; b = 5.4, 6.2; c 
= 5h), alee S I, 22 WS esifeh, ale Wh TSG), CHOP Hace eal) Swe Roya 
= 62, 63: Rv = 203; Rvan = 44, 49; Ran = 55, 65; tail/V—a = 1.0; tail 
= 10), 197.6 um. 

Head more or less continuous with body contour, 6.4—-6.7 um 
wide with 4 very fine annules. Annules 2.3, 2.8 um at mid-body. 
Lateral fields with 4 lines, the two inner lines closely spaced, thus 
sometimes appearing as a single line. Cuticle with 18-20 longitudi- 
nal ridges (difficult to count) excluding lateral fields. Spear robust 
15, 13.4 um long; knobs rounded, 3.8, 3.2 um wide. Oesophagus 
118, 120 um long; median bulb ovoid, valve at about 45% of 
oesophageal length. Vulva, with lateral vulval membranes, 6.4 um 
long or about 3 annules wide; vagina inclined anteriorly with thick, 
somewhat pyriform, walls; postuterine sac small; spermatheca 


HORIZON. 


Fig. 3 Coslenchus polonicus Brzeski, 1982. A-F, female. A, oesophageal 
region; B, lateral field; C, posterior end of reproductive system; D, 
habitus; E, tail tip; F, tail. Scale bars a = 20 um, b = 100 um. 


elongate, 38, 41 um long, packed with sperms about 2.0 um in 
diameter. Distance from vulva to anus 107—128 um. Tail tip finely 
rounded with annules in one specimen; rounded without discernible 
annules in other. 


DISTRIBUTION AND HABITAT. ‘Collected in several places in Po- 
land and in Andreevskoe, Karelia, USSR, always in low peat soil, in 
small number of specimens’ (Brzeski, 1987). 


REMARKS. These nematodes were not originally identified as C. 
polonicus because they have fewer cuticular ridges (18-20 vs 26 in 
C. polonicus). However, Brzeski (pers. comm.) recognized these 
females, and suggested they appeared to be C. polonicus. As there 
are no other significant differences between these females and 
descriptions of C. polonicus (Brzeski, 1982, 1987) it is assumed that 
the lower number of cuticular ridges lies within the range of varia- 
tion that might be expected in this species. 


Coslenchus sp. 1 
(Fig. 4) 


MATERIAL EXAMINED. Fort Augustus Bay: 92 m; core 4; 12 
Foyers Plateau: 157 m; core 16; 1 &. 


FEMALES. (n= 2).L=520, 527 pm; a= 23.2, 24.7; b=5.5, 5.4; ¢ 
= 5.6, 6.1; c° =7.2, 6.9; V = 64, 65; V"=77, 79; Rex = 37, 42; Roes 
= 42, 46; Rv = 136, 138; Rvan = 40, 37; Ran = 59, 53; tail/V—a = 
0.92, 0.93; tail = 93.4, 86.4 um. 

Head offset in one specimen; 7.0, 7.5 um wide with 4 annules. 
Annules about 2.6, 2.7 um at mid-body. Lateral fields with four 
lines. Cuticle with 14 longitudinal ridges (excluding lateral fields). 
Spear moderately robust 11.5, 12.8 um long, knobs rounded, slightly 
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Fig.4 Coslenchus sp. 1. A-E, female. A, oesophageal region; B, lateral 
field; C, vulval region; D, habitus: E, tail. Scale bars a = 20 um, b = 100 
um. 


sloping posteriorly, 2.6, 3.0 um wide. Oesophagus 96.3, 94.7 um 
long; median bulb ovoid; valve well developed at about 46% of 
oesophageal length. Vulva with lateral vulval membranes 7.0, 7.6 
um or 3 adjacent annules long; vagina perpendicular or slightly 
inclined anteriorly, with thick walls; postuterine sac not evident; 
spermatheca without sperm. Distance from vulva to anus 100, 120 
um. Tail tip finely rounded. 


REMARKS. Using Brzeski’s (1987) and Geraert & Raski’s (1988) 
keys, these nematodes come close to C. andrassyi Brzeski, 1987, but 
the mid-body annules are marginally too wide 2.6, 2.7 vs 2.1—2.5 um 
in C. andrassyi, also the number of annules between the vulva and 
the anterior end of the body are too low, 136, 138 vs 157—186 in C. 
andrassyi. 


Coslenchus sp. 2 

(Fig. 5) 

MATERIAL EXAMINED. River Foyers: 0.22 m; core 40; 12. 
HORIZON. Core 40, (1-2 cm). 


FEMALE. (n=1).L=546um;a=24;b=4;c=5.4;c°=7; V = 65; 
V’ =79.5; Rex = 40; Roes = 63; Rv = 152; Rvan = 41; Ran = 66; tail/ 
V-a = 1.1; tail = 102 um. 

Head narrower than adjacent body; 7.7 um wide with 5 
annules.Annules 2.7 um wide at mid-body. Lateral fields with 4 
lines. Cuticle with longitudinal ridges and additional short ridges 
distributed irregularly, giving an estimated total of 15—16 ridges 
excluding lateral fields. Spear slender, 13.5 um long; knobs small, 
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Fig.5 Coslenchus sp. 2. A-E, female. A, oesophageal region: B, lateral 
field; C, vulval region; D, tail; E, habitus. Scale bars a = 20 um, b = 100 
um. 


rounded about 2.6 um wide. Oesophagus 136 um long; median bulb 
ovoid, valve well developed at 45.5% of oesophageal length. Vulva 
with lateral vulval membranes, 7.6 um long or about 3 annules wide; 
vagina slightly inclined anteriorly with thickened walls; postuterine 
sac short; spermatheca empty. Distance from vulva to anus 91 um. 
Tail damaged, but annules up to finely rounded terminus. 


REMARKS. Although the tail of this specimen is damaged, it is 
clearly different from the other species of Coslenchus found in Loch 
Ness. Ratios effected by this damage are considered to be close to 
measurements that would have been obtained had the specimen been 
undamaged. It keys out close to C. pastor Andrássy, 1982, but the 
morphometrics are a poor fit. 


Filenchus cf. discrepans (Andrassy, 1954) Raski & 
Geraert, 1987 


(Fig. 6) 


MATERIAL EXAMINED. Fort Augustus Bay: 98, 102 m; cores 5, 6; 
299. Deep South Basin: 196, 204 m; cores 8, 10; 299. Foyers 
Plateau: 158,—-160 m; cores 14, 15, 18; 3 99. Deep North Basin: cores 
20, 22; 211 m, 2 99. River Foyers: 0.25—0.39 m; cores 41, 42, 44; 16, 
B9 


HORIZON. Core 14, (1-2 cm). 


FEMALES. (n= 10). L = 429 um (337-526); a = 35 (27.0—45.8):; b 
= 5.3 (5.0-6.1); c = 3.8 (3.4—4.5): c^ = 14.1 (12.8-17.6); V = 60 (57- 
64); V” = 82.3 (80.5-84); tail/V—a = 2.1 (1.7-2.5); tail = 109 um 
(91.4-140). 

Head 3.8—5.0 um wide at base. Annules 1.2 um (0.8-1.6) wide at 


b 


Fig.6 Filenchus cf. discrepans (Andrássy, 1954). A-E, female. A, 
oesophageal region: B, lateral field; C, reproductive system; D. tail: E, 
habitus. F, male spicular region. Scale bars a = 20 um, b = 10 um, c = 
50 pm. 


mid-body. Lateral fields with two lines. Spear slender, 6.0-7.6 um 
long with small basal knobs, about 1.2 um wide. Oesophagus 69-92 
um long; median bulb somewhat fusiform, valve weak at 35-42% of 
oesophageal length. Anterior genital branch 68-156 um long. 
Spermatheca axial, oblong with rounded sperms about 1.3 um in 
diameter. Postuterine sac 7.0-13.4 um long. Vagina more or less 
perpendicular to body axis. 


WINUE, (nie ID, Ie Sal) wine els lo) = e aloe SAS: 
gubernaculum = 3.0 um; spicules = 13.8 um; tail = 101 um. 

Similar to female, except body more slender with narrower lateral 
fields. Testis 152 um long, occupying 33% of body length. Bursa 
adanal, 19 um long. 


DISTRIBUTION AND HABITAT. Widely distributed in Europe with 
additional records from Mexico, Russia, USA (terrestrial soils) and 
New Guinea (terrestrial and fresh water). 


REMARKS. This population keys out to F discrepans. The mor- 
phology of the female reproductive system closely resembles that 
figured for the type specimen, especially in respect of the oblong 
spermatheca in females. However, the cephalic region is not makedly 
narrower than the adjacent body region as figured by Andrassy 
(1954) and described by Troccoli & Geraert (1995). Brzeski (pers. 
comm.,) suggests that these nematodes show affinities to £ misellus 
(Andrássy, 1958), but in F misellus tail length (28-71 um) and ratio 
tail/V—a (0.7-1.6) are different (Brzeski, 1979); tail shape also 
differs. 
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Filenchus facultativus (Szczygiel, 1969) Raski & Geraert, 
1987 


(Fig. 7) 


MATERIAL EXAMINED. 
BEN 


HORIZON. Core 2, (2-3 cm). 


FEMALES. (n=3). L= 515 pm (434-557); a = 36 (35-37.8); b=6.1 
(6.0-6.3); c = 4.0 (3.9-4.1); c= 13 (11.6-14.5); V = 63.2 (62-64.6); 
V’ = 84.8.(83.7-85.6); tail/V—a = 2.1 (2.0-2.2); tail = 127 um (105- 
142). 

Head about 4.6 um wide at base with 2-3 annules. Amphids 
sinuous. Annules 1.7 um (1.5-1.9) at mid body. Lateral fields with 
two lines. Spear slender 9.0 um (n = 2) long with small basal knobs, 
about 1.2um wide. Oesophagus 83.8 um (73.6-91) long; median 
bulb ovoid, valve weak at 39-42% of oesophageal length. Excretory 
pore 62.4, 68.7 um (n= 2) from anterior. Anterior genital branch 145 
um (127-159) long. Spermatheca axial or slightly offset, elongate 
23, 26 um long with rounded sperms (n = 2). Postuterine sac 7.7-12 
um long. Vagina 7.0-8.0 um long, more or less perpendicular to 
body axis. Tail tip pointed to finely rounded. 


Fort Augustus Bay: 91, 98 m; cores 2, 5; 


DISTRIBUTION AND HABITAT. 
restrial soils. 


A widespread species found in ter- 


REMARKS. F facultativus is a variable species and these nema- 
todes are within the range of measurements of other populations 
described in the literature. However, the spear at 9.0 um long is at the 
extreem range recorded for this species (6.0-9.0 um.). A range of 
6.0-8.0 um is given by Raski & Geraert (1987) in their key to 


Fig. 7 Filenchus facultativus (Szczygiel, 1969). A-G, female. A, 
oesophageal region; B, head showing amphid; C, posterior end of 
reproductive system; D, lateral field; E, reproductive system; F, tail 
terminus; G, habitus. Scale bars a = 10 um, b = 30 um, c = 100 pm. 


F.R. WANLESS AND R. HUNTER 


species of Filenchus, the same range is also given by Karegar & 
Geraert (1988) in their summary of characters distinguishing ŒF 


facultativus from other very similar species, whereas Torres & 


Geraert (1996) record spear lengths of 7.5-9.0 um in a population 
described from Argentina. 


Filenchus thornei (Andrássy, 1954) Andrássy, 1963 
(Fig. 8) 


MATERIAL EXAMINED. Deep South Basin: 161 m; core 19, 12. 


River Foyers: 0.22 m; core 40, 1 2. Foyers Plateau: 159 m; core 14, 
Ig. 


HORIZON. Core 14, (2-3 cm); core 19, (1-2 cm); core 40, (2-3 
cm). 


FEMALES. (n= 2). L= 997, 1003 um; a = 38, 44.7; b = 6.9, 6.5; c 
= 5.0, 4.1; c= 14.5, 18; V = 59, 56; V = 73, 73.5; tail/V—a = 0.95, 
1.16; tail = 131.5, 191.5 um. 

Head about 7.6, 8.0 um wide at base with 3—4 annules; height 
about 3.5 um. Amphids not observed. Annules 1.3—1.6 um wide at 
mid-body. Lateral fields with four lines, inner lines very faint and 
not always evident. Spear distinct, moderately slender, 13.4, 12 um 
long with small basal knobs about 2.0 um wide. Oesophagus 144— 
155 um long; median bulb more or less ovoid, valves moderately 
distinct at 39.7, 42% of oesophageal length. Excretory pore 
sclerotized at 112, 122 um from anterior. Anterior genital branch 
432 um (n= 1); spermatheca 42 um long, offset. Vagina perpendicu- 
lar to body axis about 13.5 um long. Tail tip finely pointed. 


Fig. 8 Filenchus thornei (Andrássy, 1954). A-E, female. A, habitus; B, 
posterior end of reproductive system; C, tail; D, head region; E, 
oesophageal region. F, male spicular region. Scale bars a = 200 um, b = 
30 um, c = 20 um. 


FRESHWATER NEMATODES FROM LOCH NESS 


NA bean sl) lero OU um as e T aligic — 2. 5¢ 
gubernaculum = 6.0 um; spicules = 22.6 um; tail = 188 um. 

Similar to female; body slightly sinuous and curved distally, also 
narrowed in region of cloaca — possibly an artefact as the body is 
slightly twisted in this region. Bursa 38 um long, with crenate 
borders; cloacal lips protruding. Tail tip finely rounded. 


DISTRIBUTION AND HABITAT. 
and freshwater habitats. 


Cosmopolitan, found in damp soils 


REMARKS. This species was recently redescribed by Brzeski (1997) 
and these specimens fall well within the range of measurements 
presented for F thornei. The height of the head is perhaps slightly 
lower, but this is not thought to be of any significance. 


Filenchus sp. | 
Fig. 9 


MATERIAL EXAMINED. Foyers Plateau: 159 m; core 14, 2 99. Deep 
North Basin: 211 m; core 22, 1 Q. 


HORIZON. Core 14, (1—2 cm; 3—4 cm). 


FEMALES. (n=3).L=531 um (439-615); a = 40.6 (39.7-41.8): b 
= 6.0 (5.5-6.5); c = 3.4 (3.2-3.6); c° = 18.5 (15.8-20.2); V = 58.6 


um (132-191.5). 

Head 5.0-5.7 um wide at base with two annules. Amphids 
sinuous. Annules about 1.6 um wide at mid-body. Lateral field (only 
evident in two specimens) with four lateral lines, the inner two being 
very faint and close to outers. Spear indistinct, slender, 9.6 um long 
with small rounded knobs about 1.3 um wide. Excretory pore 64 um 


Fig.9 Filenchus sp. 1. A-F, female. A, oesophageal region; B, head 
showing amphid; C, lateral field; D, tail tip; E, habitus; F, posterior end 
of reproductive system. Scale bars a = 10 um, b = 100 um. 
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(56-73) from anterior. Oesophagus 85 um (74—94.2) long; median 
bulb with poorly developed valves at 40.4% (3545.6) of oesopha- 
geal length. Anterior genital branch 163 um (115-198) long. 
Spermatheca offset, 27.7 um (22.4—32) long. Postuterine sac 8.9 um 
(8.3-9.6) long. Vagina 7.0-7.7 um long, gently inclined anteriorly 
with thickened walls. Tail terminus pointed to finely rounded. 


REMARKS. The specific identity of these females is uncertain. 
They show affinities with F facultativus described above and may 
be conspecific. However, in these nematodes the spear is slightly 
longer and the walls of the vagina are slightly thickened. 


Filenchus sp. 2 
(Fig. 10) 
MATERIAL EXAMINED. Foyers Plateau: 157 m; core 14, 19. 


RENAE (ital) ele —1O2 oneal Oli bi—)2 ac — rs) em — 9) 0: 
V = 65.8; V” = 80; tail/V—a = 1.0; tail = 108 um; 

Head 5.7 um wide at base. Amphids not observed. Annules fine, 
1.3 um wide at mid-body. Lateral field with four lines, inner two 
faint. Spear indistinct, 9.3 um long with small basal knobs about 1.3 
um wide. Excretory pore 82.5 um from anterior. Oesophagus 119 
um long; median bulb ovoid, valves weak at 40.7% of oesophageal 
length. Anterior genital branch 175 um long; spermatheca axial, 
about 22 um long. with rounded sperms about 1.9 um in diameter. 
Postuterine sac 6.4 um long, occupying 41% of corresponding body 
diameter. Vagina about 5.8 um long, perpendicular to body axis. Tail 
terminus finely rounded. 


Fig. 10 Filenchus sp. 2. A-E, female. A, oesophageal region; B, habitus; 
C, lateral field: D, tail; E, posterior end of reproductive system. Scale 
bars a = 20 um, b = 100 um. 
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REMARKS. This nematode is close to F butteus (Thorne & Malek, 
1968) Brzeski, 1997, but the tail is longer and differs in shape. 


Filenchus sp. 3 
(Fig. 11) 
MATERIAL EXAMINED. 


MALE. (n= 1). L = 434 um; a = 35.7; b = 6.4; c = 4.4; c° = 10.3; 
gubernaculum = 5.8 um: spicules = 15 um; tail = 99 um. 

Head 5.0 um wide at base with 3—4 annules. Amphids not 
observed. Annules fine about 0.9 um at mid-body. Lateral field with 
four lateral lines, hardly evident. Spear moderately slender, 11.2 um 
long with small basal knobs 1.9 um wide. Excretory pore 61.4 um 
from anterior. Oesophagus poorly preserved, about 68 um long; 
median bulb ovoid, valves not observed, centre at about 59% of 
oesophageal length. Testis 138 um long, occupying 32% of body 
length, bursa adanal, about 19 um long, with fine crenated margins. 
Tail tip pointed. 


Fort Augustus Bay: 92 m; core 3, 1d. 


REMARKS. No conclusion can be reached on the specific identity 
of this specimen. It is close to F-thornei, but differs by its shorter 
body length, spicules and tail. 


Lelenchus leptosoma (de Man, 1880) Raski & Geraert, 
1985 
(Figs 12, 36B) 


MATERIAL EXAMINED. Fort Augustus Bay: 92 m; core 3; 1 2. Deep 
South Basin: 194 m; core 13; 1 9. Foyers Plateau: 159, 160 m; cores 
14, 15; 329. 


FEMALES. (n= 5). L = 546 (487-583) um; a = 46.6 (40-49.8); 
b=5.5 (4.9-6.3); c = 3.1 (2.7-3.35); c” = 24.8 (22-27.9); V = 52 


Fig. 11 Filenchus sp. 3. A-E, male. A, oesophageal region; B, lateral 
field; C, spicular region; D, habitus; E, tail and spicular region. Scale 
bars a = 20 um, b = 100 um. 


F.R. WANLESS AND R. HUNTER 


Fig. 12 Lelenchus leptosoma (de Man, 1880). A-E, female. A, 
oesophageal region; B. head showing amphid; C, posterior region; D, 
habitus; E, reproductive system. Scale bars a = 20 um, b = 10 um, c = 
60 um, d = 100 um. 


(48-54.8); V” = 77.6 (75.5—78); tail/V—a = 2.2 (1.9-2.5); tail = 180 
um (156-215). 

Cephalic region narrowed dorso-ventrally. Cuticle smooth by 
light microscopy. Amphids sinuous. Lateral field absent. Spear 
slender, 7.7—9.3 um long with small rounded knobs about 1.4 um 
wide. Oesophagus 88—108 um long; median bulb spindle-shaped 
with valves at 41-43% of oesophageal length. Anterior genital 
branch 96.7—121.5 um long. Spermatheca more or less bispherical 
with rounded sperm (absent in one specimen) about 1.3 um in 
diameter. Postuterine sac not evident in any specimen, possibly 
collapsed. Vagina about 5.5 um long with thin walls, curved 
anteriorly. 


DISTRIBUTION AND HABITAT. Cosmopolitan; soils and freshwater. 


REMARKS. These specimens, for the most part, agree with the 
description and morphometrics presented in the literature (Raski & 
Geraert, 1985). Minor differences slightly extending the range of 
several ratios are not considered to be of any significance. 


Lelenchus sp. 


(Figs 13, 36A) 


MATERIALEXAMINED. Deep South Basin: 195, 204 m; cores 9, 11; 
2 29. Foyers Plateau: 157, 159 m; cores 14, 16; 18, 1 9. 


FEMALES. (n=3).L=620 (512-763) um; a= 47.4 (42-54.5); b= 
6.0 (5.5-6.5); c = 3.5 (3.3-3.8); c° = 22.8 (21.4-24); V = 57.6 (57- 
58); V” = 81 (80-82); tail/V—a = 2.1 (1.8-2.4); tail = 173 (154-200) 
um. 


FRESHWATER NEMATODES FROM LOCH NESS 


Fig. 13 Lelenchus sp. A-C, F, female. A, oesophageal region; B, tail; C. 
habitus; F. vulval region. D, E, male. D., habitus: E, spicular region. 
Scale bars a = 20 um, b = 30 um, c = 100 um. 


Cephalic region narrowed dorso-ventrally. Cuticle smooth by 
light microscopy. Lateral field absent. Spear slender, poorly defined, 
9.0-9.3 um long (n = 2) with small rounded knobs about 1.3 um 
wide. Oesophagus 92-118 um long; median bulb spindle-shaped, 
valves very indistinct, at about 48% of oesophageal length. Anterior 
genital branch 175-250 um long. Spermatheca elongate ovoid 
without sperm. Egg present in two specimens about 62 um long by 
10 um wide. Postuterine sac about 11.5 um long or 80% of vulval 
body width (n = 2). Vagina more or less perpendicular, about 7.7 um 
long with slightly thickened walls. 


Wie mS 1) i — 920m; a = 58; b = 6.4; c =4°5; c = 19:5; 
spicules = 23 um; gubernaculum = 6.5 um; tail = 203 um. 

Similar to female except body longer and more slender. Spear 
indistinct, about 10 um long, with small, possibly deformed, rounded 
knobs. Oesophagus 145 um long; median bulb spindle-shaped with 
indistinct valves at 40% of oesophageal length. Testis 300um long, 
occupying 32.6% of body length; bursa adanal about 38 um long 
with smooth margins. 


REMARKS. These nematodes are possibly conspecific with L. 
leptosoma, but for the present they are treated as a separate species. 
In females the vagina walls are thicker and generally more pro- 
nounced. The male differs from males of L. leptosoma described in 
the literature by its greater body length and longer, strongly curved, 
almost bent spicules. 
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Malenchus acarayensis Andrássy, 1968 Geraert & Raski, 
1986. 


(Fig. 14) 


MATERIAL EXAMINED. Fort Augustus Bay: 92 m; core 3, 1 2. Foy- 
ers Plateau: 159, 160 m; cores14, 15, 399. River Foyers: 0.39 m; 
core 42, 19. 


HORIZON. Core 14 (2-3 cm). 


FEMALES. (n = 5). L = 352 um (323-373); a = 24.7 (23-26.6); b 
(n=3) = 4.4 (4.3—4.6); c = 4.4 (4.0—4.9); c° = 9.1 (8-10.1); V = 63.3 
(61-66.4); V” = 80.8 (79-82); tail/V—a = 1.5 (1.25-1.73). tail = 78.9 
um (71.7—92). 

Head narrow, about 4.0-5.0 um at base, with very fine annules. 
Amphids not clear. Annules 1.0-1.3 um at mid-body. Lateral fields 
with two lines appearing smooth or crenate, depending on fine 
focus; originating between 6.4-7.0 um posterior to spear base, 
ending at 27—33% of tail length. Spear fine, especially conus, 8.3— 
9.0 um long, knobs small, sloping posteriorly, about 1.3 um wide. 
Excretory pore 56—66 um from anterior. Oesophagus 73.6—86 um (n 
= 3) long; median bulb ovoid, valve hardly evident, but positioned at 
44-47.8% of oesophageal length. Anterior genital branch 101—112 
um long. Spermatheca usually rounded, ovoid in one specimen, 9.6— 
12.8 um wide. Postuterine sac 6.4 um long or 43% of vulval body 
width (n=1), collapsed in other specimens. Vagina with thickened 
walls, perpendicular to body axis or slightly tilted anteriorly. Dis- 
tance from vulva to anus 45—56.9 um. Tail tip slightly to strongly 
curved, tapering to a fine point. but not thread-like. 


DISTRIBUTION AND HABITAT. Described from N. and S. America, 


Sls 


Fig. 14 Malenchus acarayensis Andrássy, 1968. A—F, female. A, 
oesophageal region; B, habitus: C, posterior end of reproductive system; 
D, tail; E, F, lateral field at different focal levels. Scale bars a = 10 um, 
b=50 um. 
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India, Malawi, Holland, Poland and Belgium. Terrestrial, found in 
various soils, forest litter and sand dunes. 


REMARKS. These specimens are all identified as M. acarayensis 
using Geraert & Raski’s key (1986); furthermore they compare well 
with the range of measurements presented for M. acarayensis. 
However, they possibly differ by the more anterior origin of the 
lateral field, 6.4—7.0 um behind spear base in these females, com- 
pared with 11—15 um ina Spanish population (Gomez Barcina et al., 
1992). Other populations are more difficult to compare in the same 
manner as the start of the lateral field is given as originating at a level 
of 1/3 to about middle of the oesophageal procorpus (Geraert & 
Raski, 1986). 


Malenchus bryophilus (Steiner, 1914) Andrássy, 1980 
(Fig. 15) 


MATERIAL EXAMINED. Fort Augustus Bay: 91, 105 m; cores 2, 7, 
12,236. Foyers Plateau: 158, 160 m; cores 15, 18, 19, 1d. River 
Oich: 0.31 cm; core 31, 299. 


HORIZON. Core 2 (1-2 cm) Core 31 (3—4 cm). 


FEMALES. (n=4).L=349.5 um (334-364); a= 21.3 (18-24.7); b 
(n=2)=4.5 (4.44.5); c = 4.9 (4.6-5.1); c°=7.9 (7.18.6); V = 64.4 
(63.8-65.3); V” = 81.2 (63.8-65.3):; tail/V—a = 1.4 (1.2-1.5); tail 72 
um (69. 1—73.6). 


Fig. 15 Malenchus bryophilus (Steiner, 1914). A, C-G, female. A, 
oesophageal region; C, tail; D, habitus: E, posterior end of reproductive 
system; F, G, lateral field at different focal levels. B, H, male. B, head 
region showing amphid and origin of lateral field in respect of spear 
knobs; H, spicular region. Scale bars a= 10 um, b = 60 um. 


F.R. WANLESS AND R. HUNTER 


Head slightly narrowed, about 5 um wide at base with 4-5 
annules. Amphids not clear. Annules 1.4-1.5 um at mid-body. 
Lateral field with two lines appearing smooth or crenated depending 
on fine focus; originating at level of spear knobs to two annuli 
posterior, or 0-2.5 um from spear knobs, ending between 25-35% of 
tail length. Spear fine, especially conus, 9-9.6 um long, knobs 
small, about 2.56 um wide. Excretory pore 61-71 um from anterior. 
Oesophagus 78.8 um long (n = 2); median bulb ovoid, valve poorly 
developed, at 45-50% of oesophageal length (n = 2). Vulva sunken. 
Vagina perpendicular or slightly tilted anteriorly with thickened 
walls; anterior genital branch 96-113 um long: spermatheca rounded 
to ovoid, packed with sperms. Postuterine sac about 5 um long (n = 
2), possibly collapsed in other females. Distance from vulva to anus 
48.6-57 um. Tail tip finely rounded to pointed. 


MALES. (n=3). L=362 um (337-379); a= 21.1 (20.6-21.5); b= 
4.7 (4.45.0); c = 4.5 (4.1-4.7); c° = 7.3 (6.6-8.3); gubernaculum = 
5.5 um (5.3-5.76): spicules = 16.5 um (16-17); tail = 80.6 um 
(71.6-91)um. 

Similar to female. Head narrowed, about 5 um wide at base with 
5 fine annules. Amphids sinuous. Body annules 1.4—1.5 um at mid- 
body. Spear 9.0-9.6 um long. Oesophagus 71—85 um long; median 
bulb ovoid, valve weak, at 48.6-53.8% of oesophageal length. Testis 
189-213 um long, occupying 41-56% of body length. Cloacal lips 
pronounced; bursa adanal, 27-32 um long, with smooth margins. 


DISTRIBUTION AND HABITAT. Cosmopolitan, occurs in soil, near 
or in roots; in humus, forest litter and moss. 


REMARKS. The morphometrics and morphology agree for the 


Fig. 16 Malenchus pachycephalus Andrássy, 1981. A—F, female. A, 
oesophageal region; B, anterior region showing amphid and origin of 
lateral field; C, posterior end of reproductive system: D, tail; E, lateral 
field; F, habitus. Scale bars a = 20 um, b = 10 um, c = 100 um. 
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most part with the original description. Minor differences include 
slightly lower values for tail length, tail/V—a and ratio c^. These 
measurements however, fall within the range of measurements of 
females of M. bryoplilus examined by Brzeski (pers. comm.). 


Maleachus pachycephalus Andrassy, 1981 
(Fig. 16) 
MATERIAL EXAMINED. Foyers Plateau: 157 m; core16, 19. 


FEMALE. (n=1).L=497 um; a = 20; b=4.9;c =6.1:c°=7.0; V 
= 69: V’ = 81.6; tail/V—a = 1.0; tail = 81.2 um. 

Head slightly offset, 6.4 um wide at base with 4-5 fine annules. 
Amphids not evident. Annules 2.1 um wide at mid-body. Lateral 
field with two lines appearing smooth or strongly crenate depending 
on fine focus; originating at 3 annules or 4.0 um anterior to spear 
knobs; terminating at about 46% of tail length. Spear 12 um long 
with knobs about 2.4 um wide. Excretory pore 93 um from anterior, 
almost at level of posterior margin of basal bulb. Oesophagus 100 
um long; median bulb slender ovoid; valve hardly evident located at 
44% of oesophageal length. Phasmid like structure not seen. Ante- 
rior genital branch 170 um long. Spermatheca bilobed 24 um long 
with rounded sperms about 1.3 um in diameter. Postuterine sac 9.6 
um long. Vagina slightly tilted anteriorly with thickened walls. 
Vulva — anus distance 76.8 um. Tail tip tapering to a fine point. 


DISTRIBUTION AND HABITAT. Recorded from USA, Spain, Hun- 
gary and Bulgaria; occurs in soil around plant roots. 


REMARKS. Using the keys of Andrássy (1981) and Geraert & 
Raski (1986), this specimen can be identified as M. pachycephalus, 
but the anterior part of the oesophagus is not distinctly longer than 
the posterior as described in the original description, however, this 
feature is not evident in the accompanying illustration of the anterior 
end (Andrássy, 1981: Fig. 13c). It also differs in having a longer tail 
81 um vs (56-72); this range includes measurements from the 
original description and a Spanish population (Gomez Barcina er al., 
1992): 


Maleachus pressulus (Kazachenko, 1975) Andrássy, 1981 
(Fig. 17) 
MATERIAL EXAMINED. Deep South Basin: 204 m; core 9, I &. 


FEMALE (n=1). b= 460 um; a = 25: b=5.1;c=5.9;c =8.1; V 
= 66.9; V° = 80.5; tail/V—a = 0.95; tail = 77.7. 

Head not offset, 7.0 um wide at base with 3—4 minute annules at 
focal level of dorso-ventral margin, otherwise appearing smooth by 
light microscopy. Amphids sinuous. Annules 1.5 um at mid body. 
Lateral fields with two lines appearing smooth or crenate depending 
on fine focus; originating at level of spear knobs, terminating at 
about 32% of tail length. Spear delicate, 11.8 um long with spear 
knobs 2.5 um wide. Excretory pore 86 um from anterior at level of 
posterior margin of basal bulb. Oesophagus 89 um long; median 
bulb slender ovoid, valve not evident; centre of median bulb located 
at about 51% of oesophageal length. Phasmid like structure located 
at 14 annules anterior to vulva. Anterior genital branch 170 um long. 
Spermatheca elongate ovoid, 19 um long with indistinct rounded 
sperms about 1.3 um in diameter. Postuterine sac 12.8 um long. 
Vagina slightly tilted anteriorly, with thickened walls. Vulva slightly 
sunken. Vulva — anus distance 74.5 um. Tail tip pointed. 


DISTRIBUTION AND HABITAT. Originally described from Russia in 
soil of a coniferous forest with an additional record from soil around 
grass roots (Andrássy, 1981). 


Fig. 17) Malenchus pressulus (Kazachenko, 1975). A-D, female. A, 
oesophageal region; B. posterior end of reproductive system; C, tail; D, 
habitus. Scale bars a = 20um, b = 100 um. 


REMARKS. This single female largely agrees with the redescription 
of M. pressulus by Andrássy (1981) minor differences in ratios c, c* 
and tail/V—a are not considered to be of specific importance. 


Micaleuchus salvus Andrássy, 1959 


MATERIAL EXAMINED. Fort August Bay: 91, 92, 98 m; cores 2, 4, 
5,399. 1d. Deep South Basin: 197 m; core 12, 2 2°. Foyers Plateau: 
157-160 m; cores 14-16, 18, 699, 16. 


REMARKS. These specimens were described and figured by Wanless 
& David (1997). 


Tyleachus rex Andrassy, 1979 
(Figs 18, 36D) 
MATERIAL EXAMINED. Deep South Basin: 194 m; core 13, 1d. 


MALE. (n= 1). L=974 um; a = 36.3; b= 6.3: c =6.1; c° = 9.0; 
gubernaculum = 5.9 um; spicules = 24 um; tail = 160 um. 

Head 8.5 um at base with 4-5 annules. Amphid opening a gently 
curved slit. Annules distinct about 2.1 um at mid-body. Lateral field 
with four lines, outers weakly crenate. Spear robust, 20.5 um long, 
with large basal knobs 3.5 um wide. Excretory pore 130 um from 
anterior. Oesophagus 154 um long; median bulb ovoid, valves 
distinct at 47.5% of oesophageal length. Testis 262 um long occupy- 
ing 27% of body length. Bursa adanal about 38 um long with 
crenated margins. Anterior margin of cloacal lips with two spicate 
projections (arrowed, fig.36D). Tail tip rounded. 


DISTRIBUTION AND HABITAT. The type population was found in 
moss, Ben Hedi, Scotland. Also known from Poland and Australia. 


REMARKS. This specimen largely agrees with the original descrip- 
tion except that the basal bulb is more or less elongate rather than 
pyriform; the outer lateral lines of the lateral field are weakly crenate 
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Fig. 18 Tylenchus rex Andrássy, 1979. A-F, male. A, anterior region; B, 
oesophageal region; C, head region showing amphid; D, lateral field; E, 
tail and spicular region; G, spicular region. Scale bars a = 20 um, b = 50 
um, c = 10 um, d= 100 um. 


rather than smooth; the tail is longer (160 um vs 130—140 um); ratio 
cis lower (6.1 vs 6.3-6.6) whereas c’ is slightly higher (9.0 vs 7-8). 
However, these ratios and tail length fall within the range of meas- 
urements given for T. rex by Brzeski (1996). 


Tylenchinae sp. 
(Figs 19, 36C) 


MATERIAL EXAMINED. Foyers Plateau: 159 m; core 14; 1 9. River 
Foyers: 0.39 m; core 42, 19. 


Core 14, (1—2 cm). 


FEMALES. (n= 2). L = 468,520 um; a = 43.3, 40.6; b = 4.5, 4.7; c 
= 4.7, 5.0; c° = 12, 12.5; V = 65, 62; V = 80; tail/V—a = 74.8, 94: tail 
= 99.2, 104 um. 

Head not set off, about 6.6 um wide at base. Amphid apertures not 
seen. Annules fine about 0.8 um at mid-body. Lateral fields narrow 
with two lines. Spear moderately robust, 11.5 um long with rounded 
basal knobs 2.5 um wide; shaft slightly longer than conus. Oesopha- 
gus 103, 110 um long; median bulb ovate, valve at about 45% of 
oesophageal length. Excretory pore 71.4, 78.7 um from anterior. 
Anterior genital branch 115, 109 um long. Spermatheca empty. 
Postuterine sac not seen, possibly collapsed. Vagina about 6.0 um 
long, slightly inclined or curved anteriorly. Tail elongate, not fili- 
form; tip rounded. 


HORIZON. 


REMARKS. The generic position of these nematodes is uncertain. 
They are placed in Tylenchinae because they are close to Tylenchus 


F.R. WANLESS AND R. HUNTER 


E 


Fig. 19 Tylenchinae sp. A-E, female. A, oesophageal region; B, tail; C, 
lateral field; D, vulval region; E, habitus. Scale bars a = 10 um, b = 100 
um. 


Bastian, 1865 in which the anterior conus and posterior shaft of the 
spear are about equal in length. However, the presence of two lines 
in the lateral fields is not compatible with the generic definition of 
Tylenchus, which is characterized by the presence of four lines 
Additional material and SEM studies are required in order to resolve 
the status of these interesting nematodes. 


Ditylenchus sp. 
(Fig. 20) 
MATERIAL EXAMINED. River Foyers; 0.39 m; core 44, 1d. 


MALE. Sh L= 754 pm; a = 58.9; boSEN 
spicule = 16 um; gubernaculum = 5.2 um; tail = 102 um. 

Head 4.2 um wide, annuli not seen. Cephalic framework weak. 
Lateral fields with five lines at mid-body, apparently four lines on 
anterior and posterior regions, but for the most part difficult to 
observe. Body annuli fine, less than 1.0 um wide. Spear delicate, 7.6 
um long; cone shorter than shaft; knobs rounded about 2.0 um wide. 
Excretory pore 91 um from anterior. Oesophagus 131 um long; 
median bulb oval with distinct valve at 39.6% of oesophageal 
length; basal bulb and isthmus indistinct. Caudal alae about 30.7 um 
long. 30% of tail length. Tail terminus finely rounded. 


REMARKS. Ditylenchus species are rather uniform and do not 
show many characters helpful for identification (Brzeski, 1991b). 
This single male cannot be named with any confidence and addi- 
tional specimens, particularly females, are required for proper 
identification. 


FRESHWATER NEMATODES FROM LOCH NESS 


Fig. 20 Ditylenchus sp. A-D, male. A, oesophageal region; B, spicular 
region; C, habitus; D, lateral field. Scale bars a = 20 um, b = 10 um, c = 
100 um. 


Fig. 21 Geocenamus cf. nanus (Allen, 1955). A-C, female. A, 
oesophageal region; B, tail; C, habitus. Scale bars a = 20 um, b = 100 
um. 


Geocenamus cf. nanus (Allen, 1955) Brzeski, 1991 
(Fig. 21) 
River Oich: 0.31 m: core 31, 12. 


FEMALE (as I). L=5l0um a=26.5;b=63 c= lie =3.5; 
V = 54; tail/ V—a = 0.24; tail annules 54; tail = 44.8 um. 

Head slightly narrower than adjacent body with 5 or 6 fine 
annules; labial frame work weak. Spear 12 um long with backward- 
sloping knobs, 2.5 um wide. Cuticle annules fine and moderately 
distinct, about 0.9 um wide at mid-body. Lateral fields with 6 lines 
at mid-body, inner lines faint and not always evident throughout the 
entire length of the lateral fields. Deirid at level of excretory pore. 
Excretory pore 77 um from anterior. Oesophagus (possibly con- 
tracted) 80 um long; median bulb ovoid, valve weak at 49.5% of 
oesophageal length. Vulva and vaginal structures poorly defined. 
Genital branches stretched out; anterior and posterior branches do 
not extend into the oesophageal or anal regions respectively. Phasmids 
at 40% of tail length. Tail annules continue almost to terminus. 


MATERIAL EXAMINED. 


DISTRIBUTION AND HABITAT. Originally described from the 
Netherlands with further records from Iran, Turkey, Belgium, and 
Poland. Terrestrial, in soils around roots of various plants (Saltukoglu 
et al., 1976); also in meadow and peat soils (Brzeski, 199 1a). 


REMARKS. Provisionally identified as G. nanus on account of the 
number of tail annuli and the value of ratio c^. Other very similar 
species have fewer tail annules and ratio c’ is generally lower, but 
observed values overlap. For a discussion on relationships between 
G. nanus (Allen, 1955), G. alboranensis (Tobar Jimenéz, 1970) and 
G. microdorus (Geraert, 1966) see Brzeski (199 1a). 


Tylenchorhynchus sp. 


MATERIAL EXAMINED. Fort Augustus Bay: 105 m; Core 7, | 
juvenile. Foyers Plateau: 157 um; core 16, 1 juvenile. 


Helicotylenchus pseudorobustus (Steiner, 1914) Golden, 
1956 


(Fig. 22 


MATERIAL EXAMINED. Fort Augustus Bay: 91 m; core 2, 1 9. River 
Oich: 0.33 m; core 35, 1 9. 


FEMALES TE mS 2) L= 800, 830 um; a= 26.6, 34; b = 6.8, 6.9; b” 
= 50). SNM eSe 2 SIRE Slash Wesley SG), 22 eri = N.S, Aiea. 

Head hemispherical 6.4, 7.0 um wide with 4—5 annules. Spear 
27.5, 26.8 um long, with distinct knobs about 6.0 um wide. Cuticle 
annules about 1.6 um wide at mid-body. Lateral field with 4 lines, 
outers weakly crenate. Dorsal oesophageal gland opening 9.6, 10.0 
um behind spear knobs. Excretory pore 110 um from anterior. 
Oesophagus 160, 162 um long. Spermathecae offset without sperm. 
Phasmid 6-8 annules before anus. Tail with 12 ventral annules, 
dorsally convex and terminating in a long projection that has a fine 
irregular outline. 


DISTRIBUTION AND HABITAT. Cosmopolitain; found in soils and 
also fresh water. 


REMARKS. These females are in close agreement with descriptions 
of H. pseudorobustus by Sher (1966) and Siddiqi (1972). 
Meloidogyne ardenensis Santos, 1968 

(Fig; 23) 


MATERIAL EXAMINED. Borlum Bay (1992 collection): 0.18 m; 
core 4, second-stage juvenile. 


Fig. 22 Helicotylenchus pseudorobustus (Steiner, 1914). A-C, female. 
A, anterior region; B, tail; C, habitus. Scale bars a= 10 um, b = 100 um. 
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Fig. 23 Meloidogyne ardenensis Santos, 1968. A—D, second stage 
juvenile. A, anterior region; B, tail; C, lateral field; D, habitus. Scale 
bars a = 10 um, b = 50 um. 
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SECOND-STAGE JUVENILE. (n= l). L = 403 um; a = 26.8; b = 6.1; 
c = 9.8; c° = 4.0; tail 40.9 um.. 

Head not offset from body with two faint post labial annules. 
Cuticular annulation distinct but fine, about 0.9 um at mid-body. 
Lateral field with four lines, the outer ones finely crenate and giving 
the impression of two vague additional lines in the post oesophageal 
region. Spear slender, 11.5 um long with small backward-sloping 
knobs. Dorsal gland opening 2.5 um behind spear knobs. Length of 
oesophagus (from anterior to base of median bulb) 65.3 um; median 
bulb ovoid. Excretory pore 75.8 um from anterior. Hemizonid not 
seen. Tail with rounded tip; phasmid not seen; Length of hyaline tail 
terminus 12.1 pm. 


DISTRIBUTION AND HABITAT. Reported from Belgium, France, 
Germany, Poland, Russia and the United Kingdom (Karssen & Van 
Hoenselaar, 1998). Infective, migratory second-stage juveniles have 
been found in a wide variety of soils including dunes; adults are 
commonly associated with roots of vegetable and herbaceous crops 
(Jepson, 1987). 


REMARKS. Although the hemizonid and phasmids could not be 
seen, this second-stage juvenile is otherwise in close agreement with 
descriptions of M. ardenensis. 


Meloidogyne kralli Jepson, 1983 
(Fig. 24) 


MATERIAL EXAMINED. Foyers Plateau: 159 m; core 14, second- 
stage juvenile. 


SECOND-STAGE JUVENILE. 
= 6.7: c’ = 6.8; tail 64.6 um. 


m= 1). L=435 um, — sey bi — ene 


Fig. 24 Meloidogyne kralli Jepson, 1983. A-D, second stage juvenile. A, 


anterior region; B, lateral field; C, tail; D, habitus. Scale bars a = 10 um, 
b = 100 um. 


FRESHWATER NEMATODES FROM LOCH NESS 


Head not offset from body, with labial cap and one postlabial 
annule. Cuticular annulation distinct but fine, about 0.9 um wide at 
mid-body. Lateral fields with four lines. Spear slender, 11.5 um long 
with small backward-sloping knobs. Dorsal gland opens 5.0 um 
behind spear knobs. Length of oesophagus (from anterior to median 
bulb) 61.4 um; median bulb more or less ovoid; excretory pore 81.2 
um from anterior. Hemizonid immediately anterior to excretory 
pore. Phasmid not seen. Tail terminus tapers sharply with a short 
terminal portion ending in a finely rounded tip. Length of hyaline 
tail terminus 16.5 um. 


DISTRIBUTION AND HABITAT. Recorded from Estonia, Russia, Po- 
land and the United Kingdom, all in wet sandy, peat and silt soils 
(Karssen & Van Hoenselaar, 1998). 


REMARKS. The present second-stage juvenile agrees well with 
descriptions of the species. 

Criconema annuliferum (de Man, 1921) Raski & Luc, 
1984 

(Fig. 25) 

MATERIAL EXAMINED. 


ReMAbewe (ni). —598jum; a= 11.2; b= 3.9;c =25; V=88;R 
= 60; Rex = 20; Rvan = 5; Ran = 4; VL/VB = 1.4; tail = 22.4 um. 
Labial disc low. Head region offset, collar-like. Annule two 


Foyers Plateau: 160 m; core 15, 12 
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Fig.25 Criconema annuliferum (de Man, 1921) A-C, female. A, 
habitus; B, anterior region; C, posterior region. Criconema sp. D, E, 
female. D, anterior region; E, posterior region. Scale bars a = 100 um. 
b = 30 um. 
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slightly smaller and narrower than annule three, both distinctly 
smaller than annules one and four. Annules 10.8 um wide at mid- 
body, outer edges smooth, rounded or slightly retrorse; interspaces 
sometimes filled with fine detritus. Spear straight, 101 um long; 
knobs 11.5 um wide, anterior surfaces indented. Vulva closed, 
anterior lip well developed, overlapping entire posterior lip. Ovary 
not reflexed, oocytes arranged in two rows. Spermatheca not 
observed. Anus inconspicuous. Tail terminus peg-like. 


DISTRIBUTION AND HABITAT. Throughout Europe, associated with 
plant roots in both dry and wet soils. 


REMARKS. This nematode agrees with descriptions and 
morphometrics presented for C. annuliferum. 


Criconema sp. 
(Fig. 25) 


MATERIAL EXAMINED. Fort Augustus Bay: 92 m; core 3, 1 &. 


FEMALE. (n=l). L= 670 um; a= 12.3; b = 4.1; c = 21.8; V = 90; 
R=65:; Rex = 21; Rvan= 3; Ran = 3; VLIVB = 1.5; tail = 30.7.um. 

Labial disc low. Head region offset, collar-like; annules two 
and three of equal size, distinctly smaller than annules one and 
four. Body annules 10.2 um wide at mid-body, outer edges 
smooth, rounded or slightly retrorse; interspaces with fine scatter- 
ing of detritus. Spear 120 um long; shaft gently curved, conus 
straight; knobs 12.2 um wide, anterior surfaces indented. Vulva 
closed, anterior lip well developed, overlapping entire posterior 
lip. Ovary poorly preserved; oocytes arranged in two rows. 
Spermatheca not evident. Anus conspicuous. Tail terminus bifur- 
cate. 


REMARKS. Similar to C. annuliferum and keys out to that species 
(de Grisse & Loof, 1965) but the spear is longer with a gently curved 
shaft, possibly an artefact; the tail terminus is bifurcate, also the 2nd 
and 3rd head annules are equal in size. 


Criconema demani (Micoletzky, 1915) Raski & Luc, 1984 
(Fig. 26) 


MATERIAL EXAMINED. River Oich: 0.31, 0.18 m; cores 31, 33,29 
2. 


FEMALES. (n=2).L=401,417 um; a= 8.3, 8.7; b = 3.8, 4.0; c= 
10.6, 10; V = 84.5, 82.2; R =73,71; Rex (n = 1) = 20; Rvan = 5; Ran 
= VLAS = aTe ial = ST AL Uri 

Labial disc low. Head region offset with second annule broader 
than first. Annules 5.8, 6.4 um wide at mid-body; outer edges 
smooth, rounded or moderately retrorse; with fine, scattered, foreign 
detritus but nevertheless margins apparently minutely crenate. Spear 
70.4, 71.6 um long; knobs 8.3, 8.6 um wide, anterior surfaces 
indented. Vulva closed; anterior lip well developed, overlapping 
entire posterior lip. Ovary reflexed distally. Spermatheca poorly 
preserved, without sperms. Anus inconspicuous. Tail with terminus 
straight or curved dorsally. 


DISTRIBUTION AND HABITAT. Belgium, Denmark, Netherlands and 
North America. Terrestrial, in moist soils and alongside riverbanks, 
ditches and lake margins. 


REMARKS. Keys out to C. demani and generally fits in well with 
descriptions of the species (Taylor, 1936), (Bongers, 1988), (de 
Grisse & Loof, 1965); except that ratio a is slightly lower, as is V in 
one specimen. Differences between the tail termini are not consid- 
ered in this instance to be of specific importance. 
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Fig. 26 Criconema demani (Micoletzky, 1915). A, B, D, female 1. A, 
anterior region; B, posterior region; D, tail. C, E, female 2. C, posterior 
region; E, tail. Scale bars a = 30 um, b = 10 um. 


Discocriconemella sp. 
(Fig. 27) 
MATERIAL EXAMINED. Fort Augustus Bay: 92 m; core 4, | &. 


FEMALE. (n=1).L = 257 um; a= 6.2; b=3.1; c= 18.2; V = 89; 
R= 98 (ventral side); Rex = 38: RV = 13; Ran = 8; VL/VB = 1.0; tail 
= 14.1 um. 

Labial annule discoid, offset from body. Body annules retrorse 
except fifth to twelfth which are anteriorly directed on ventral side; 
annules with anastomoses and finely crenate posterior edges; out- 
line somewhat angular. Spear 54 um long, knobs 7.4 um wide with 
anterior surfaces indented. Oesophagus about 82 um long. Vulva 
apparently closed. Anterior genital branch poorly preserved. 
Spermatheca filled with sperms. Tail terminus bluntly rounded. 


REMARKS. This female closely agrees with the description of D. 
limitanea Luc, 1959 by Rashid er al., (1987) but differs by having 
fewer anteriorly directed annules (5th to 12th in this female vs 4th to 
23rd annules in their population). Possibly this is the first record of 
this tropical genus in Europe. 


Hemicycliophora sp. 


MATERIAL EXAMINED. Foyers Plateau: 159 m; core 14, 12. 


REMARKS. 
cribing. 


Specimen in very poor condition and not worth des- 


Ogma sp. 


MATERIAL EXAMINED. Fort Augustus Bay: 92 m; core 3, 1 2. River 
Oich: 0.31 m; core 31, 1 Q. 


F.R. WANLESS AND R. HUNTER 


EH 
FERTH 


Fig.27 Discocriconemella sp. A-C, female. A, habitus; B, posterior 
region; C, anterior region. Scale bars a = 30 um, b = 20 um. 


REMARKS. Neither specimen is in good condition, the spear knobs 
are missing; the oesophagus and genital structures are poorly pre- 
served. 

Paratylenchus sp. 

(Fig. 28) 

MATERIAL EXAMINED. Fort Augustus Bay: 92 m; core 4, 1 9. 


FEMALE. (n=1).L=318 um; a= 23.7; b=4.6; c=9.3;c° =4.1; 
V =77; tail = 34.2 um. 


Fig. 28 Paratylenchus sp. A—D, female. A, oesophageal region; B, 
habitus; C, lateral field; D, tail. Scale bars a = 10 um, b = 50 um. 


FRESHWATER NEMATODES FROM LOCH NESS 


Head rounded with truncate anterior end, and minute protrusions 
at margins of lip region Annules 1.0 um at mid-body. Lateral field 
with four lines. Spear 14 um long with laterally directed knobs 
3.2um wide. Dorsal oesophageal opening about 5.0 um behind 
spear knobs. Excretory pore 69 um from anterior. Hemizonid just 
anterior to excretory pore. Oesophagus 84 um long, poorly pre- 
served. Vulva flaps prominent about 5.0 um long. Vagina curved 
anteriorly. Anterior genital branch outstretched. Spermatheca not 
seen. Vulva-anus distance 36.5 um. Tail tip finely rounded. 


REMARKS. Using Raski’s (1975) key to, Paratylenchus spp with a 
spear < 38 um long, this female comes to either P. italiensis Raski, 
1975 or P. tateae Wu and Townshend, 1973. Unfortunately these 
species are difficult to separate from one another because of overlap 
or continuous sequences in respect of their measurements. Head 
structures are also remarkably similar. The present female differs 
slightly in respect of ratios c, V and spear length, also the head is not 
offset. More specimens are required to assess variation and identify 
this female with any confidence. 


Aphelenchoides sp. | 
(Fig. 29) 


MATERIAL EXAMINED. River Oich: 0.31 m; core 31, 12 River 
Foyers: 0.22 m; core 40, 19. 


Core 40, (1-2 cm); Core 31, (2-3 cm). 


FEMALES. (n= 2). L= 387, 492 um; a = 35, 33.4; b = 6.7, 8.2; c = 
EEMB EAS 4.0: V = 67.7, 69; tail = 31.5, 35.4 um. 

Head region smooth, slightly offset. Cuticle with fine striations 
about 0.9 um wide. Lateral fields with four lateral lines, inner pair 
faint. Spear 10.2, 10.8 um long with small basal thickenings. 
Procorpus of oesophagus narrow; median bulb ovoid, valve well 


HORIZON. 


a a 


Fig.29 Aphelenchoides sp. 1. A-E, female. A, anterior region; B, tail; C, 
habitus; D, vulval region; E, lateral field. Scale bars a = 10 um, b = 50 
um. 
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developed, located posterior to middle of bulb. Excretory pore less 
than one body width posterior to median bulb. Vagina slightly 
inclined anteriorly. Ovary outstretched anteriorly 116, 152 um long. 
Spermatheca not seen. Postvulval uterine sac apparently absent. 
Anus distinct, anterior lip slightly raised. Tail conical, terminating in 
a pointed ventral mucro. 


REMARKS. Using Sanwal (1960) these females key out as A. 
goeldi Steiner, 1941 primarily because the postvulval uterine sac is 
absent. However, these females clearly differ from A. goeldi in both 
head and tail shape. 


Aphelenchoides sp. 2 

(Fig. 30) 

MATERIAL EXAMINED. River Oich: 0.31 m; core 31, 1 2 
Core 31, (1-2 cm). 


BEMAUE(m—sl) le — 47 um aS 390 b=. e E Gren — 320. 
WS 7/23 (ell S 29) ny. 

Head region smooth, offset by constriction. Cuticle with fine 
annules about 0.9 um wide. Lateral fields with four lines, inners very 
faint. Spear 10.2 um long with small basal thickenings. Procorpus of 
oesophagus moderately wide; median bulb ovoid. valve well devel- 
oped, located slightly posterior to middle of bulb. Excretory pore 
opening slightly anterior to base of median bulb. Vagina slightly 
tilted anteriorly. Anterior genital branch outstretched 204 um long; 
spermatheca 177 um long with disc-like sperms. Postvulval uterine 
sac 43.5 um long without sperm. Anus moderately distinct. 


HORIZON. 


REMARKS. Additional specimens are needed in order to identify 
this nematode with confidence. Morphometric measurements and 
the anterior position of the excretory pore suggests that it may be 


Fig. 30 Aphelenchoides sp. 2. A-E, female. A, anterior region; B, tail; C, 
vulval region; D, habitus; E, lateral field. Scale bars a = 10 um, b = 50 
um. 
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close to A. cyrtus Paesler, 1957 originally described from mush- 
room-beds of the Champignonzuchtinstitut Dieskau near Halle, 
Germany. 


Aphelenchoides sp. 3 
(Fig. 31) 
MATERIAL EXAMINED. River Foyers: 0.22 m; core 40, | 9. 


FEMALE. (n=1).L=813 um; a=52;b=13.4;c=17.3;c =5.2; 
V = 68; tail = 50 um 

Head region smooth and slightly offset. Cuticle with fine striations 
about 0.9 um wide. Lateral fields with four lines, the inner pair 
indistinct and fading away in some regions. Spear 10.8 um long with 
pronounced basal thickenings. Procorpus of oesophagus hardly 
visible; median bulb more or less ovoid with well developed valve 
located slightly posterior to middle of bulb. Excretory pore about 1.5 
body widths posterior to median bulb. Vagina directed anteriorly. 
Anterior genital branch outstretched, about 290 um long. 
Spermatheca 58 um long with globular sperms. Postvulval uterine 
sac 123 um also with globular sperms. Anus distinct. Tail concoid 
with terminal mucro. 


REMARKS. This female is very similar to A. fragariae (Ritzema 
Bos, 1890), but differs by having more robust basal spear thickenings; 
described as minute but distinct in A. fragariae, Siddiqi (1975). 


a 


Fig. 31 Aphelenchoides sp. 3. A-E, female. A, anterior region; B, vulval 
region; C, lateral field; D, tail; E, habitus. Scale bars a = 10 um, b = 100 
um. 
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cf. Caenorhabditis sp. 
(Fig. 32) 


MATERIAL EXAMINED. River Oich: 0.31 m: core 31, 12. 


HORIZON. Core 31 (1-2 cm). 


FEMALE, mS 1). L=625 um; a= 30; b=3.9; c=5.9; c =8.6; V 
= 50; tail = 105 um. 

Head not offset, 7.0 um wide with minute labial papillae. Amphids 
not seen. Cuticle finely annulated; annules about 0.9um wide at 
mid-body. Stoma 14.1 um long; cheilostome distinct, lightly 
sclerotised, barely setoff from long prorhabdions; metastome with 
two small denticles. Oesophageal collar not observed. Oesophagus 
159 um long with swollen midbulb. Excretory pore not seen. 
Ovaries paired, anterior branch reflexed. Spermatheca filled with 
more or less rounded sperms about 2.2 um.in diameter. Tail straight, 
tapering to fine tip. Phasmids inconspicuous. 


REMARKS. Additional specimens, especially males, are required 
in order to properly identify this nematode. 

Diplogasteritus nudicapitatus (Steiner, 1914) 

(Figs 33, 36H) 


MATERIAL EXAMINED. Borlum Bay (1992 collection): 0.38 m; 
core 4, lg. 


Fig. 32 cf. Caenorhabditis sp. A-D, female. A, oesophageal region; B, 
vulval region; C, tail; D, habitus. Scale bars a = 20 um, b = 50 um. 


FRESHWATER NEMATODES FROM LOCH NESS 


Fig. 33 Diplogasteritus nudicapitatus (Steiner, 1914). A-C, male. A, 
habitus; B, spicular region; C, oesophageal region. Scale bars a = 20 
um, b = 50 um. 


NAtEm (NEI) ie—1037 jim; a = 25; b= 6.3; c = 4.0; c = 8.5; 
gubernaculum = 25.6 um; spicule = 33 um; tail = 155 um. 

Head not offset: labial papillae minute. Amphids not seen. Cuticle 
with ca. 20 prominent longitudinal lines. Annules minute, less than 
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0.8um wide. Oesophagus with large median bulb and smaller basal 
bulb; 105 um long. Excretory pore 98um from anterior, at mid-level 
of basal bulb. Testis anteriorly directed with reflexed tip. Spicula 1.8 
times anal body width. Gubernaculum, distally with two pairs of 
mound-like swellings (arrowed, fig. 36H). Bursa absent. Nine pairs 
of caudal papillae; three pairs pre-anal and six post-anal. 


DISTRIBUTION AND HABITAT. A common species found in Europe 
and South Africa in terrestrial and aquatic habitats. 


REMARKS. Morphology and measurements closely agree with the 
descriptions of D. nudicapitatus provided by Bongers (1988) and 
Zullini (1982). 


Eucephalobus oxyuroides (de Man, 1876) Steiner, 1936. 
(Figs 34, 36E-G) 


MATERIAL EXAMINED. Foyers Plateau: 161 m; core 19, 1 Ẹ. River 
Oich: 0.17 m; core 36, 1% 


FEMALES. (n=2),L=558, 615 um; a= 23.5, 19.6; b= 3.6, 3.9; c 
SGD, R E SOs, alee W = SSS), Ole fll ts), 79).3 Wim. 

Cuticle 1.9 um thick with annules 1.4, 2.1 um wide at mid-body. 
Lips six, pointed. Lateral fields with three lines ending at level of 
phasmids. Stoma (n = 1) 14.7um long, rhabdions distinct. Oesopha- 
gus cylindrical, 153, 157 um long, basal bulb ovate. Excretory pore 
(n=1) 91 um from anterior end at level of hemizonid. Reproductive 
system monodelphic, prodelphic. Reflexed at oviduct. Spermatheca 
and postuterine sac not seen. Vagina length about one half of vulval 
body width. Vulva not protruding. Rectum 23, 26 um long or 1.8, 1.6 
times anal body width. Tail 80-86um long. Phasmid at 28, 32% of 
tail length. 


Fig. 34  Eucephalobus oxyuroides (de Man, 1876). A, B, E, F, female 1. 
A, tail; B, anterior region: E, vulval region; F, habitus. C, D, female 2. 
C, habitus; D, tail. Scale bars a = 20 um, b = 100 um. 


Fig.35  Eucephalobus sp. A-D, female. A,oesophageal region; B, 
reproductive system; C, tail; D, habitus. Scale bars a = 20 um, b = 50 
um. 
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DISTRIBUTION AND HABITAT. Cosmopolitan, prefers dry ground, 
but also mentioned from freshwater. 


REMARKS. These specimens agree with descriptions of this species 
by Thorne (1937) and Rashid et al., (1984). Note variation in length 
of the slender tail terminus and appearance of the lateral field at 
different focal levels. 


Eucephalobus sp. 
(Fig. 35) 


MATERIAL EXAMINED. River Oich: 0.31 cm; core 31, 1 2. 


FEMALE. (n=1).L=430 pm; a= 19.8; b=3.5; c= 10.2: e = 3.4: 
V = 63. tail 42 um. 

Cuticle 1.2 um thick. Annules 1.6 um wide at mid-body. Lips six, 
pointed. Lateral field with three lines in region of oesophageal basal 
bulb, not evident elsewhere. Stoma 12.8 um long, rhabdions indis- 
tinct. Oesophagus cylindrical, 122 um long. Excretory pore 73.6 um 
from anterior end, hemizonid not seen. Reproduction system 
monodelphic, prodelphic. Ovary with double flexure. Egg 38 um 
long by 16 um wide. Spermatheca not seen. Postuterine sac 9.6 um 
long. Vulva protruding. Length of vagina about one quarter of vulval 
body width. Rectum 10.2 pm long, or 0.8 times anal body width. Tail 
terminus without distinct annules, broadly spear-shaped. Phasmid 
not evident. 


REMARKS. The distinctive spear-like tail terminus of this female is 
not known to occur in other species of Eucephalobus and this 
specimen may represent a new taxon. It cannot however, be described 
until additional material becomes available for study. 


ACKNOWLEDGEMENTS. This work was made possible by the financial 
support of The Natural History Museum, London and by sponsorship of the 
all-documentory television station The Discovery Channel under the aus- 
pices of Project Urquhart. Additional support was provided by Simrad, the 
electronics company which was the main sponsor of the hydrological survey 
of the loch. Special thanks are due to Mr Nicholas Witchell, the founder and 
Chairman of Project Urquhart. We also thank the crew of the research vessel 
Soel Mara who’s skills contributed greatly to the success of the profundal 
coring programme. The late Professor M. W. Brzeski, Museum and Institute 
of Zoology, Polish Academy of Sciences, Warszawa, Poland kindly read 
through early descriptions of these nematodes and his comments are greatly 
appreciated. Several of our colleagues also deserve many thanks; Nicola 
Mitchell gave invaluable help assisting with field and laboratory work; Dr T, 
J Ferrero produced the map of Loch Ness and ‘sorted’ many of the word 
processing problems encounted by the first author. Translation of various 
German and Dutch texts by Dr R. Huys is also gratefully acknowledged. 


REFERENCES 


Allen, M, W. 1955. A review of the nematode genus Tylenchorhynchus. University of 
California Publications in Zoology, 61: 129-166. 

Andrássy, 1. 1954. Revision der Gattung Ty/enchus Bastian, 1865. Acta Zoologica 
Hungaricae, 1; 5-42. 

— 1979. The genera and species of the family Tylenchidae Orley, 1880 (Nematoda) 
The genus Tylenchus Bastian, 1865. Acta Zoologica Academiae Scientiarum 
Hungaricae, 25: 1-33. 

—— 1980. The genera and species of the family Tylenchidae Orley, 1880 (Nematoda). 
The genera Aglenchus (Andrássy, 1954) Meyl, 1961, Miculenchus Andrássy, 1959 
and Polenchus gen. n. Acta Zoologica Academiae Scientiarum Hungaricae, 26: 1— 
20. 

— 1981. The genera and species of the family Tylenchidae Orley, 1880 (Nematoda) 


F.R. WANLESS AND R. HUNTER 


The genus Malenchus Andrássy, 1968. Acta Zoologica Academiae Scientiarum 
Hungaricae, 27: 1-47. 

— 1982. The genera and species of the family Tylenchidae Orley. 1880 (Nematoda). 
The genus Coslenclius Siddiqi, 1978. Acta Zoologica Academiae Scientiarum 
Hungaricae, 28: 193-232. 

Bailey- Watts. & Duncan, P. 1981.3. Chemical characterisation — A one year compara- 
tive study. pp. 67-89. In Maitland, P. S. (ed) The Ecology of Scotland's largest Lochs 
Lomond, Awe, Ness, Morar and Shiel. Monographiae Biologicae, 44: X1V+290 pp. 
Dr W. Junk, The Hague-Boston-London. 

Bongers, T. 1988. De nematoden van Nederland. Stichting Uitgeverij Koninklijke 
Nederlandse Natuurhistorische Vereniging,Utrecht, 408 pp. 

Brzeski, M.W. 1982. Taxonomy of Ortolenchus Husain & Khan, and description of Cos- 
lenchus polonicus sp. n. (Nematoda: Tylenchidae). Revue de Nématologie, 5: 71-77. 

1987. Taxonomic notes on Coslenchus Siddiqi, 1978. (Nematoda: Tylenchidae). 
Annales Zoologici, 40: 417-436. 

— 199la. Taxonomy of Geocenamus Thorne & Malek, 1968 (Nematoda: 
Belonolaimidae). Nematologica, 37. 125-173. 

1991b. Review of the genus Ditylenchus Filipjev, 1936 (Nematoda: Anginidae). 
Revue de Nématologie, 14: 9-59. 

— 1996. Comments on some known species of the genus Tylenchus and description 
of Tylenchus stachys sp. n. (Nematoda: Tylenchidae). Nematologica, 42: 387-407. 

— 1997. Redescription of some species of the genus Filenchus Andrássy, 1954 
(Nematoda, Tylenchidae), Miscellania Zoologica, 20.1: 45-64. 

David, R. 1998. An investigation of biodiversity patterns and processes in nematode 
populations of Loch Ness, Ph.D. Thesis. University of Southampton, Southampton, 
264 pp. 

Coles, J. W. 1996. Free-living nematodes in freshwater. Quekett Journal of Microscopy, 
37: 684-691. 

Fortuner, R & Maggenti, A. R. 1987. A reappraisal of Tylenchina (Nemata). 4. The 
family Anguinidae Nicoll, 1935 (1926). Revue de Nématologie, 10: 163-176. 

Geraert, E. & Raski, D.J. 1986. Unusual Malenchus species (Nematoda: Tylenchidae). 
Nematologica, 32: 27-55. 

—— 1987. A reappraisal of Tylenchina (Nemata). 3. The family Tylenchidae Orley, 
1880. Revue de Nématologie, 10: 143-161. 

1988. Study of some Aglenchus and Coslenchus species (Nemata: Tylenchida). 
Nematologica, 34: 6—46. 

Gomez Barcina, A., Geraert, E., Castillo, P. & Gonzalez Pais, M.A. 1992. Three 
Malenchus species from Spain (Nemata: Tylenchidae) with a note on the amphidial 
opening in the genus. Fundamental and Applied Nematology, 15: 149-152. 

De Grisse, A. & Loof, P.A.A. 1965. Revision of the Genus Criconemoides (Nema- 
toda). Mededelingen Landbouwhogeschool Gent, 30: 577-603. 

Elmgren, R. 1973. Methods of sampling sublittoral soft bottom meiofauna. Oikos, 15: 
112-120. 

Fortuner, R. 1987. A reappraisal of Tylenchina (Nemata). 8. The family Hoplolaimidae 
Filip’ev, 1934. Revue de Nématologie, 10: 219-232. 

Fortuner, R. & Luc, M. 1987. A reappraisal of Tylenchina (Nemata). 6. The family 
Belonolaimidae Whitehead, 1960. Revue de Némiatologie, 10: 183-202. 

Järnefelt, H. 1958. On the typology of the northern lakes. Verhandlungender 
Internationalen Vereinigung fiir Theoretische und Angewandte Limnologie, 13: 
228-235. 

Jepson, S.B. 1983. Meloidogyne kralli n. sp. (Nematoda: Meloidogynidae) a root-knot 
nematode parasitising sedge (Carex acuta L.). Revue de Nématologie, 6: 239-245. 

1987. Identification of root-knot nematodes (Meloidogyne species) Wallingford. 
UK: C.A.B. International. 265 pp. 

Karegar, A. & Geraert, E. 1998. Descriptions of Filenchus paravesiculosus sp.n. and 
three other species of the genus Filenchus Andrássy, 1954 (Nemata: Tylenchidae) 
from Iran. Nematologica, 44: 225-239. 

Karssen, G & Van Hoenselaar, T. 1998. Revision of the Genus Meloidogyne Göldi, 
1892 (Nematoda: Heteroderidae) in Europe. Nematologica, 44: 713-788. 

Lorenzen, S. 1981. Entwurf eines phylogenetischen Systems der freilebenden 
Nematoden. Veréffenilichungen des Instituts für Meeresforschung in Bremerhaven. 
Bremen, Suppl. 7: 1-472. 

Luc, M. 1959. Nouveaux Criconematidae de la zone intertropicale (Nematoda: 
Tylenchida). Nematoloica, 4: 16-22. 

— 1987. A reappraisal of Tylenchina (Nemata). 7. The family Pratylenchidae 
Thome, 1949. Revue de Nématologie. 10: 203-218. 

Luc, M. & Fortuner, R. 1987. A reappraisal of Tylenchida (Nemata). 5. The family 
Dolichodoridae Chitwood. 1950. Revue de Nématologie, 10: 177-181. 

Luc, M., Maggenti, A. R. & Fortuner, R. 1988. A reappraisal of Tylenchina (Nemata). 
9. The family Heteroderidae Filip’ev & Schuurmans Stekhoven, 1941, 11: 159-176. 

Luc, M., Maggenti, A. R., Fortuner, R., Raski, D. J & Geraert, E. 1987. A 
reappraisal of Tylenchina (Nemata) 1. For a new approach to the taxonomy of 
Tylenchina. Revue Nématologie, 10: 127-134. 

Mackal, R. P. & Love, R. 1970. Chemical sampling in Loch Ness. Loch Ness 
investigation, Annual Report, 1969: Appendix iii, p 18. 

Maggenti, A. R., Luc, M., Raski, D. J., Fortuner, R & Geraert, E. 1987. A 
reappraisal of Tylenchina (Nemata). 2. Classification of the suborder Tylenchina 
(Nemata: Diplogasteria). Revue de Nématologie, 10: 135-142. 


FRESHWATER NEMATODES FROM LOCH NESS 


Fig. 36 A, Lelenchus sp. female, posterior region of reproductive system. B, Lelenchus leptosoma (de Man, 1880) female, posterior region of 
reproductive system. C, Tylenchinae sp. female, head region. D, Tylenchus rex Andrássy 1979 male, spicular region showing spicate projection, arrowed. 
E-G, Eucephalobus oxyuroides (de Man, 1876). E, female 1, lateral field showing three lines. F, G, female 2, lateral field showing variation in number of 
lines depending on fine focus using light microscopy. H. Diplogasteritus nudicapitatus (Steiner, 1914) male, spicular region showing mound-like 
swellings on gubernaculum, arrowed. Magnifications A, B, D, H x1360. C, x1900. E-G, x1600. 


24 


1988. A reappraisal of Tylenchina (Nemata). 11. List of generic and supra-generic 
taxa, with their junior synonyms. Revue de Némotologie, 11: 177-188. 

Maitland, P. S. 1981. 1. Introduction and catchment analysis. pp. 1-27. In Maitland, P. 
S. (ed) The Ecology of Scotland's lorgest Lochs Lomond, Awe, Ness, Morar ond 
Shiel. Monographiae Biologicae, 44: X1V+290 pp. Dr W. Junk, The Hague-Boston- 
London. 

Martin, D.S., Shine, A. J. & Duncan, A. 1993. The profundal fauna of Loch Ness and 
Loch Morar. The Scottish Noturalist, 105: 113-136. 

Murray, J. & Pullar, L. 1910. Bathymetricol survey of the freshwoter lochs of 
Scotlond..Challenger Office, Edinburgh. 2 (1): 1-435. 

Paesler, F. 1957. Beschreibung einiger Nematoden aus Champignonbeeten. 
Nematolgica, 2: 314-328. 

Persmark, L., Banck, A., Andersson, S & Jansson, H-B. 1972. Evaluation of 
methods for extraction of nematodes and endoparasitic fungi from soil. Nemotologico, 
38: 520-530. 

Phukan, P.N. & Sanwal, K.C. 1980. Two new species of Aglenchus and record of 
Cephalenchus leptus (Tylenchidae: Nematoda) from Assam. Indion Journol of 
Nematology, 10; 28-34. 

Rashid, F., Geraert, E & Sharma, R.D. 1984. Morphology, taxonomy and morphom- 
etry of some Cephalobidae (Nematoda: Rhabditida) from Brazil, with descriptions of 
two new genera and four new species. Nemotologico. 30: 251-299. 

1986. Criconematidae (Nemata) from Brazil. Nematologica, 32: 374-397. 

Raski, D.J. 1975. Revision of the genus Porotylenchus Micoletzki, 1922 and descrip- 
tions of new species Part I of 3 parts. Journal of Nematology, 7: 15-34. 

1975. Revision of the genus Porotylenchus Micoletzky, 1922, and descriptions of 
new species. Part 11 of Three parts. Journal of Nematology, 7: 274-295. 

Raski, D.J & Geraert, E. 1985. New species of Lelenchus Andrássy, 1954 and 
Ecphyadophoro De Man, 1921 (Nemata: Tylenchidae) from Southern Chile. 
Nematologico, 31; 244-265. 

1987. Review of the genus Filenchus Andrássy, 1954 and descriptions of six new 
species (Nemata: Tylenchidae). Nemotologico, 32: 265-311. 

Raski, D.J. & Luc, M. 1987. A reappraisal of Tylenchina (Nemata) 10. The superfamily 
Criconematoidea Taylor, 1936. Revue de Némotologie, 10: 409-444. 

Saltukoglu, M.E., Geraert, E. & Coomans, A. 1976. Some Tylenchida from the 
Instanbul-area (Turkey). Nematologio Mediterranea, 4. 139-153. 

Sanwal, K.C. 1961. A key to the species of the genus Aphelenchoides Fischer, 1894. 
Conadian Journol of Zoology, 39:143-148. 

Sher, S.A. 1966. Revision of the Hoplolaiminae (Nematoda) VI. Helicotylenchus 
Steiner, 1945. Nemotologico, 12: 1-56. 

Shine, J. & Martin, D. S. 1987. Loch Ness habitats observed by sonar and underwater 
television. The Scottish Noturalist, 100: 111-199. 


F.R. WANLESS AND R. HUNTER 


Siddiqi, M.R. 1972. On the genus Helicotylenchns Steiner, 1945 (Nematoda: 
Tylenchida), with descriptions of nine new species. Nemotologica, 18: 74-91. 

— 1975. Aphelenchoides fragarioe, 1n: C\H Descriptions of Plant-parasitic nema- 
todes. Set 5, No. 74, 4pp. 

Smith, B. D., Cuttle, S. P. & Maitland, P. S. 1981. 8. The profundal zoobenthos. 
pp.205-222. In Maitland, P. S. (ed) The Ecology of Scotlond’s largest Lochs Lomond, 
Awe, Ness, Moror ond Shiel. Monographiae Biologicae, 44: X1V+290 pp. Dr W. 
Junk, The Hague-Boston-London. 

Smith, I. R., Lyle, A. A. & Rosie, A. J. 1981. 2. Comparative physical limnology. pp. 
29-65. In Maitland, P. S. (ed) The Ecology of Scotland's lorgest Lochs Lomond, Awe, 
Ness, Morar ond Shiel. Monographiae Biologicae, 44: X1V+290 pp. Dr W. Junk, The 
Hague-Boston-London. 

Spence, D. H. N. 1967. Factors controlling the distribution of freshwater macro- 
phytes with particular reference to the lochs of Scotland. Journal of Ecology, 55: 
147-170. 

Steiner, G. 1936. Opuscula miscellanea nematologica, Ill. Proceedings of the 
Helminthologicol Society of Woshington, 3: 16-22. 

Taylor, A.L. 1936. The genera and species of the Criconematinae, a subfamily of the 
Anguillulinidae (Nematoda). Tronsoctions of American Microscopical Society, 55: 
391-421. 

Thienemann, A. 1925. Die Binnengewasser Mitteleuropas. Eine Limnologische 
Einfuhrung. Binnengewasser, 1: 1-255. 

Thorne, G. 1937. A revision of the nematode family Cephalobidae Chitwood and 
Chitwood. 1934. Proceedings of the Helminthological Society of Woshington, 4: 1— 
16. 

Torres, M.S. & Geraert, E. 1996. Tylenchidae from Buenos Aires, Argentina. 
Nematologica, 42: 42-61. 

Troccoli, A. & Geraert, E. 1995. Some species of Tylenchida (Nematoda) from Papua 
New Guinea. Nematologia Mediterranea, 23: 283-298. 

Vollenweider, R. A. 1968. Scientific fundamentals of the eutrophication of lake and 
flowing waters, with particular reference to nitrogen and phosphorus factors in 
eutrophication. Water Monagement Research; Technical Report of the Orgongization 
for Economic Co-Operotion ond Development, Poris. DAS/CSV/68.27. 

Wanless, F.R. & David, R. 1997. Miculenchus solvus (=Zanenchus solinae n. syn.) 
from Loch Ness, Scotland (Nematoda: Tylenchidae), Nematologico, 43: 275-281. 

Yoshimura, S. 1936. A contribution to the knowledge of deep water temperatures of 
Japanese lakes. Japanese Journal of Astronomy ond Geophysics, 13: 61-120. 

Zullini, A. 1982. Guide per il riconoscimento delle specie animali delle acque interne 
italiane. 17. Nematodi (Nematoda). Consiglio Nazionale Delle Ricerche. Collana 
del progetto finalizzato (Promozione della qualita del’ ambiente) AQ/1/190, Impresso 
Dalla Stamperia Valdonega, Verona, Italy. 117 pp. 


